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Abstract In an attempt to sludy the regional income and employment impaa of
different harvesting regimes and harvesting patterns of marine resources, this article
demonstrates an approach of combining multispecies bioeconomic modeling and
input-output (1-0} analysis. The applicability and usefulness of this approach is
demonstrated by implementing the model with data from North Norway and the
Barents Sea fisheries.
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Introduction
In the fishery economics literature special emphasis has been given to resource rent
dissipation. In the seminal article by Gordon (1954), he identified optimum utilization of
the fish resources with maximization of rent. Copes (1972) focused on the significance
of consumers' and producers' surpluses in determining the socially optimal harvest
level. Using these welfare theoretical concepts. Copes showed that the utilization of the
fish resources would in most cases be different from that obtained from maximization of
resource rent. Gordon and Copes did not include the dynamic aspects of management of
resources capital. The objective in a dynamic model is to maximize net present value of
the resource rent. Several authors have addressed this topic (see Clark and Munro 1975).
Another objective in the management of marine resources is to focus on economic
impact and development. Regional policy will in most cases be concerned with the
regional economic impact of resource utilization.
In addition to the fact that different objectives might be relevant for marine resource
management, different bioeconomic models can be utilized. In this article, a distinction
is made between single-species models and multispecies models.
Even though it is common knowledge that different marine species interact, most
resource management regimes are based on single-species models. Some single-species
models implicitly take into consideration the interaction among species, but most re-
search excludes this important aspect. The reason for this lack of multispecies biological
and bioeconomic models is the limited biological knowledge of how the different species
in the sea interact with one another. Some effort has been made to specify multispecies
models, but lack of biological data for multispecies bioeconomic modeling has made
empirical applications of the models difficult.
The aim of this article is to demonstrate an approach to analyzing the regional
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economic impact of multispecies resource management. The usefulness of such a model
is in quantifying the impact of different harvesting regimes and policies. A regional
income-and-employment-impact-maximizing model of marine resource utilization is de-
veloped, and discussed. Thereafter, the results are compared with the solutions of open
access fisheries and resource rent maximization.
As the models applied in this article assume both infinite elasticities of factor supply
and demand of fish products, no consumers" and producers' surpluses arise, and there-
fore it is not relevant to compare the solutions in relation to the socially optimal level of
resource utilization.
A multiobjective optimization model, e.g., goal programming, would be a more
comprehensive approach to deal with the topic of different and conflicting objectives. It
is, however, beyond the scope of this article to address that question in any depth.
This article proceeds by first presenting the input-output model and the biological
relationships in the bioeconomic model. The impact-maximizing model subject to the
biological constraint is then developed and the solution discussed. Finally, the model is
implemented with data from the Barents Sea fisheries and the input-output table for
North Norway.
Input-Output (I-O) Model and Multipliers
During the past two decades some articles have been published analyzing the economic
impact of marine-oriented activities (Rorholm et al. 1967; King and Storey 1974;
Briggs, Townsend, and Wilson 1982; Frost 1982; Grigalunas and Ascari 1982; King and
Shellhammer 1982; Rossi, Andrews, and Persaud 1985; Andrews and Rossi 1986).
These studies provided information about the importance of marine-related activities to
coastaJ communities and possible impacts of given changes in final demand of marine-
oriented industries. However, these studies do not include biological relationships of the
species in the sea. The crucial linkage between different harvesting patterns and regional
economic impact models is therefore omitted.
The 1-0 model used in this article is, however, basically of the same type as those
used in the literature referred to above.
The model is a closed, static, intraregional, industry-by-industry model. In a closed
model, household is treated as an endogenous industry. The model is based on an I-O
table that can be defined in terms of the following equation.
1,2, ...5) (1)
where Xi, — sales from regional industry / to regional industry j
y, = sales from regional industry /' to final demand
X, — total sales from industry /
s •= gives the dimension of the input-output table.
By assuming constant input-output coefficients in constant employment coefficients,
the above equations can be transformed to an operational multiplier model.
The aim is to quantify the income and employment impact on a regional economy of
different harvesting patterns and regimes of the stocks. As a helpful tool in quantifying
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can be of Type I or Type II. Because household in our model is treated as an endogenous
industry, the Type II multipliers are calculated. These multipliers capture the direct,
indirect, and induced impact of a change in final demand.
In the literature of I-O analysis, the multipliers are defined in different ways. For a
more comprehensive presentation of the multiplier concept, see Richardson (1972),
Schaffer (1976), and Miller and Blair (1985). In this article, the income and employment
multipliers are mathematically defined as follows. The Type II income multiplier for
industry j is:
The Type II employment multiplier for industry j is
h. I (3)
where bjj — the elements in the Leontief inverse matrix. 6^ expresses the direct, indi-
rect, and induced effect in industry / of a change in final demand from
industry y by 1.
Wj — the wage income coefficient which states the relationship between the total
wages in industry / and the total sales of industry /.
/, — the employment coefficient which states the relationship between the num-
ber employed in industry / and the total sales of industry /.
Closing the model with respect to household implies the assumption of a linear and
homogenous consumption function. Because the 1-0 model in this article is used in a
comparative-static analysis where household spending is a result of an increased number
of consumers, it should be realistic to assume that these new consumers have the same
consumption pattern as the average consumer in the economy.
Biological Relationships in the Multispecies Bioeconomic Model
The biological relationships in a multispecies harvesting model can in its simplest form
be presented in a two species model. To give the reader the understanding of the relation-
ships in such a mcxlel, a review of the two-species model analyzed in May et al. (1979)
is given.
Suppose there is a prey, 1V^, on which the existence of a predator, W2, is based. H^,
and W2 express the biomasses of the two species. A simple model describing the dy-
namics of such a system is:
r, • PTi (1 - W^/K) - aW.fV, (4)
diVJdt = r,- W^d - IV./aW,) (5)
where r,. = the intrinsic growth rate of species k
K = the carrying capacity of the total system334 K. Heen
a - the predation coefficient which expresses the share of the prey stock one
unit of the predator is consuming per unit of time. The total rate of con-
sumption is expressed in the term (7W^|W^2-
a = carrying capacity coefficient of species 2.
The stability properties of the two-species model is discussed in Beddington and
Cooke (1982) and May (1974 and 1981).
The crucial difference between a one-species model and a two-(multi-)species
model, is the consumption relationship aW^W^, which is introduced in the model. The
interrelationship between the species are explicity taken into account.
With harvesting introduced in the model, the growth rates in Eqs. (4) and (5) can be
expressed by the following equations:
W, - r, W, (1 - WJK) - aW,W^ - h^ (6)
h^ (7)
where h^ = the harvest of species k.
In the impact analysis we are concerned with economically efficient solutions. It is
therefore of interest to maximize the sustainable yield of one species for a specified
constant level of sustainable yield of the other. This maximizing problem is equivalant to
deriving the production possibility frontiers of the two species. The output of one good
is maximized for a specified amount of output of the other, given a fixed amount of
factors of production. From Eqs. (6) and (7) the following equilibrium harvest rates are
derived, i.e., when W^ ~ W2 = 0:
- WJK) - aW^W^ (6')
The problem of maximizing A, subject to the constraint /i^ - constant, can be done
using the Lagrange method. The solution to this two-species maximizing problem is
given in Beddington and May (1980) and for a three-species model in Flaaten (1988).
Flaaten calls the loci of these combinations the maximum sustainable yield frontier
(MSF). Along MSF ^ij — hl{h^) or, expressed mathematically another way:
g(/i,), (A,) - Z (8)
Equation (8) is the mathematical expression for the transformation curve for the two
outputs A, and A;.
In the two-species biological system, the limited amount of factors of production is
embodied in the carrying capacity and the intrinsic growth rates of the model. In the real
biological world of the seas, the limited factor of production used for production of the
two-fish species usually is the zoo-plankton communities.
In the case of a three-species model with sp>ecies k = 0,1,2, the MSF surface can be
obtained in the same way as the MSF curve in the two-species model: by maximizing A,
subject to the constraints hj = constant and Aj - constant. An altemative way is to
perform the maximization subject to the constraint of W^ = constant rather than Aj —
constant. In this case a MSF can be calculated for each level of stock size of speciesImpact of Multispecies Management 335
. This method is used by Flaaten (1988) to build up his bioeconomic model for the
Barents Sea. In a general form the maximum sustainable yield surface can be expressed
mathematically by the following equation:
- Z (9)
where W^ — a given stock size of species o.
The Impact Maximizing Model
In this part the analytical solution to the maximizing problem is derived and analyzed.
The problem is to maximize the employment or income impact in the regional economy
subject to an output constraint given by the biological relations in the bioeconomic
model. The biological relationships are expressed by Eq. (9).
First we consider the employment impact (EI). The linear objective ftinction can be
written in the following terms;
(10)
where Ej = employment multiplier for industry 7 (processing species y) and K, - final
demand of industry/.
We assume the number of industries (5) in the regional economy is equal or larger
than the number of species (n) landed (s > n). Further, we assume regarding the n fish
species that each is processed in one industry. We therefore have n fish processing
industries.
As noted above, the objective of this article is to analyze the impact of different
harvesting patterns and regimes. Therefore, the harvest rates are explicitly included in
the objective function. The value of final demand (Yj) can be expressed by;
YJ- hj-cj-pj (U)
where hj = catch of species j processed by industry j
Cj — conversion factor of species j. The conversion factor converts the round
weight of catches from the sea to final products.
pj — prices of final products from industry J.
We maximize the objective function subject to the output constraint by Eq. (9). To
solve this, we set up the Lagrangian:
L ^'^h^- Cj- Pj- E^~\ (gift, . . . h,;WJ - Z) (12)
J-i
where \ is the Lagrangian multiplier.
We differentiate with respect to X and hj. This gives us:
g (A, h^iW,) - Z = 0 (13)336 K. Heen
Cj- p,- £, - \g', = 0 C/' - 1,. ..«) (14)
where
Equation (13) is the constraint.
Equation (14) may be expressed in a different way:
Pk
^ O,k-U...n) (15)
Equation (15) states that the maximum employment impact is found where the relative
products of the conversion factors, prices, and employment multipliers equal the ratio of
the marginal products of any two species. The latter ratio is called the marginal biologi-
cal transformation ratio (MBTR), which states the required reduction of one species
needed to allow the catch of the other species to increase by one unit.
Correspondingly, the maximum income impact is found where:
^ ' ^ ' ^ i^ = MBTR (16)
C^ • Pic • h g\
where Ij = income multiplier for industry j.
Equation (16) states that the maximum income impact is found where the relative
products of the conversion factors, prices, and income multipliers equal the ratio of the
marginal products of any two species, which again, by definition, is the marginal biolog-
ical transformation ratio.^
According to Eqs. (15) and (16), the solutions are dependent on the parameters c^,
pj., EJ, and Ij. The stability in the parameters is essentially an empirical question.
Cj depends both on institutional and biological factors. The institutional factors
might relate to international fisheries treaties and to the political issue of how large a part
of the harvest is landed in the region under study. The biological factors include both the
possible changes over time in the relative importance of the various subspecies that the
multiharvesting model comprises and the size distribution of each species over time. The
latter is for most species decisive for the net fresh weight of fish per unit of gross
weight.
The stability in Ej and Ij is a question of stability in the I-O coefficients and the
employment coefficients. The assumption of stability in the 1-0 coefficients is a general
problem in using an 1-0 technique in a long-run impact analysis. The topic has been
addressed by several authors (Leontief et al. 1953: Carter 1967, 1970; Sevaldson I960.
1970). These studies have dealt mainly with national economies. Conway (1979) ana-
lyzed the stability of Washington I-O multipliers. He found prediction errors of up to
10% over the nine-year period 1963-1972, It has to be pointed out, however, that
Conway examined the output and income multipliers. This article deals with both in-
come and employment impacts, and the deveiopment of the employment coefficients
must, therefore, also be examined.
There is another aspect of the stability in the I-O coefficients. This question dealsImpact of Multispecies Management 337
with whether the I-O coefficients are autonomous to changes in the models' variables.
Particular attention should be given to the I-O coefficients for the fish harvesting indus-
try. In the fisheries economic literature it is generally assumed that the stock level
influences the catch per unit of effort. If this is the case, the multipliers in Eqs. (2) and
{3} would not be constants, but rather variables depending on the stock size of the fish
species. With increasing fish stocks, the multiplier would, ceteris paribus, be reduced.
The assumption of nonutilized resources in the economy must also be mentioned. A
typical problem of many marine-oriented areas is high unemployment rates and/or high
net emigration. The assumption of potential production capacity in such a case is prob-
ably a realistic one. But even though there are nonutilized resources in the economy,
there might be constraints as well, for example, in the supply of skilled labor. A possible
constraint in the supply of skilled labor could reduce the multipliers and the impact on
the economy for example, through increased import leakages.
The employment and income multipliers may change over time, but according to
empirical fmdings in tbe reviewed literature, the instability of multipliers over time
appears not to be a serious problem. Even if the multipliers change over time, they
migbt change in the same directions. As shown in Eqs. (15) and (16), the economic
solution is determined by the relative multipliers. The same relative change in each
multiplier would not affect the economic solution.
The main concern of tbe stability issue is the effect of increased cod stock on the
catch per unit of effort. This topic, wbich involves introducing variable I-O coefficients,
is addressed by tbe author in future research.
However, the rationale behind using an I-O technique is to obtain an idea of the
potential order of magnitude of the impact of different policy measures and to isolate
potential causes for distortions in tbe maximum impact solutions.
Implementation of the Impact Model
As pointed out in the Introduction, lack of biological data for multispecies bioeconomic
modeling has made difficult empirical implementation of these models. An exception is
Flaaten (1988). Based on time series data of catches and estimated stock data, Flaaten
has designed a three-species bioeconomic model of the Barents Sea (see location map in
Fig. 1). Tbe biological data used in tbis article is drawn from the research effort of
Flaaten. The I-O table of North Norway (Heen 1982) supplies the data for the I-O
model.
In this part of the article, tbe employment and income impact on tbe North Norwe-
gian economy of multispecies harvesting of tbe Barents Sea is computed and discussed.
The multispecies model of the Barents Sea comprises three species:
{i) Sea mammals (whales and seals)
(2) Codfish (cod, haddock, and saithe)
(3) Capelin {capelin and berring).
Figure 2 shows the structure of a three-species model of tbe Barents Sea fisheries. The
figure illustrates tbe interaction between the species. Tbe flow of energy is indicated by
tbe direction of the arrows. The sea mammals are on the top of the biological hierarchy,
preying both on codfish and capelin. Codfish preys on capelin, which is at tbe bottom in
tbe hierarchy in this model. Besides being large consumers of fish, wbales and seals











Figure 2. Stmclure of a three-species model. Source: Flaaten 1988, 12.
Because much of the discussion on sea mammal harvesting and/or preservation is
focused on stock size, the bioeconomic model of the Barents Sea gives information about
the maximum sustainable yield combinations of cod and capelin for given stocks of sea
mammals. The loci of these combinations are called the maximum sustainable yield
frontiers (MSF).
Figure 3 illustrates the MSF curves for sea mammal stocks of 1500 thousand tons,
853 thousand tons, and 0 tons.
All combinations of yields on or below this curve are sustainable. However, we
calculate the impact only for the MSF values. From any point below these curves, the
impact on the North Norwegian economy can be increased by moving to the curve
because it will be possible to harvest more of at least one stock.
The MSF gives the total yields of the stocks in the Barents Sea. The fish resources
in the Barents Sea are jointly managed stocks of Norway and the Soviet Union. When
calculating the impact on the North Norwegian economy, it is necessary to find that part
of the total catch that is landed in North Norway. This calculation is a two-step proce-
dure. First, the total allowable catch (TAC) is divided between the Soviet Union and
Norway (and third countries). Second, that part of the catch landed in South Norway
must be deducted from the total Norwegian quota.
No agreement exists for dividing the stock of sea mammals between the two nations.
The whales in the Barents Sea are mainly found in Norwegian waters, and in this article
it is assumed that the TAC of whales are landed in North Norway. The seals are found
mainly in Soviet waters, and annual negotiations between the Soviet Union and Norway
set a Norwegian quota.
The capelin fisheries consist of both capelin and herring. In the 1970s and the
beginning of the 1980s, only capelin has been allowed to be caught in the Barents Sea.
The stock of herring is increasing, but the TAC is very limited. Even though the herring
catches are expected to increase in the future, the price of capelin will be used to value
potential future catches.
Table 1 gives Type II employment multipliers {Ejf and income multipliers (Ij) for
fish processing and fish meal/oil.''
The employment multipliers {Ej) indicate that a change in the final demand of one
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Figure 3. Maximum sustainable yield frontier (MSF) for three levels of the sea mammal stock
(all figures in 1000 tons).
employment in North Norway of 18.9 or 7.5 persons, respectively. The iticome multipli-
ers {Ij) express that a change in fmal demand of I NOK for these two industries causes
an income change in North Norway of 0.74 and 0.46 NOK respectively.
To compute the total impact on the North Norwegian economy for a given harvest
pattern, these multipliers have to be multiplied by the final demand derived from the fish
landed.
Table 2 gives the employment impact of catches of capelin, cod, and sea mammals
landed in North Norway for three points on the MSF curves for several given stocks of
sea mammals. The three points on the cun/e are the two boundary points and that
combination that gives the maximum employment impact. The two boundary points give
the numbers for harvesting only capelin and harvesting only cod. The highest employ-
ment impact of capelin/cod/sea mammal catches is called the maximum employment
impact (MEI) combination, indicating that at this point the combination of capelin, cod,
and sea mammal catches maximizes the employment impact.
Table 2 shows that if the sea mammal population is 1500 thousand tons, the efficient
solution is to harvest a portion of each stock. If, however, the sea mammal stock is 1200
1
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Employment (in number employed)
MEI Combination
(Cap + Cod + Sea Mammals)
25,200
(2500 + 21.400 + 1300)
32,300
(0 + 30,200 + 2100)
41,400
(0 + 39.300 + 2100)
48,100
(0 + 46,400 + 1700)
53,600
(0 + 52,300 + 1300)
59,300
(0 + 58,600 -1- 700)
65,500

















thousand tons or lower, harvesting only cod will give the highest employment impact
(corner solution).
The total employment impact in the North Norwegian economy increases from
25,200, with a sea mammal population of 1500 thousand tons, to 65,500 if the sea
mammals are extinct. This maximum employment impact is found in an annual harvest
of approximately 3700 thousand tons of cod. and no capelin and sea mammals are
caught. From Table 2 it is also seen that the employment impact of sea mammal catches
in comparison to fish catches is low. The maximum employment impact of sea mammals
is 2100 jobs generated at a stock level of 853 and 1200 thousand tons.^
The present actual stock level of sea mammals in the Barents Sea and adjacent areas
is not known with certainty. The figure of 853 thousand tons in Tables 2 and 3 is the
estimated sea mammal stock level in 1950-1954.^
Using that stock, the optimal combination of harvest produces an employment im-
pact of 41,400 persons. The impact is derived from catching only cod. The total employ-
ment impact of fish landed in North Norway in 1975 is 27.000 persons (22,000 by cod
and 5000 by capelin). This is 14,400 less than the maximum employment impact when
the sea mamma! stock is 853 thousand tons.
There are several possible reasons for the above mentioned discrepancy in the em-
ployment impact.
(1) The stock of sea mammals has increased since the beginning of the 1950s.
(2) The maximum employment impact is calculated on the basis of maximum sus-
tainable yield. If one or more stocks have been overexploited, the yields are
lower than the maximum sustainable yield. According to fisheries biologists,
the cod stock was overexploited in the 1970s.342 K. Heen
T^ble 3 gives the income (wage income) impact of catches of capelin, cod, and sea
mammals landed in North Norway for three points on each MSF curve.^ The table gives,
as in Table 2, the two boundary points and the combination of capelin/cod/sea mammal
catches wbicb gives the maximum income impact (Mil).
As seen from column 1 in Table 3, for sea mammal stocks of 853 thousand tons and
over, it is always best to harvest some of each stock. The relative importance of capelin
is reduced, and the relative importance of cod is increased as the stock of sea mammals
is reduced. The reason for tbis bas to do with tbe biological relationsbips of tbe model.
The intuitive interpretation of tbese relationsbips is tbat a large stock of sea mammals
prey so heavily on cod tbat the surplus production of capelin increases. For sea mammal
stocks of 600 thousands tons and less, no capelin should be allowed to be caught. Tbe
total income impact increases from 1060 million NOK to 2550 million NOK when tbe
stock of sea mammals is reduced from 1500 thousand tons to 0 tons. The maximum
income impact is found, as was the case with the MEI. at an annual harvest rate of 3700
thousand tons of cod. Again, no capelin and sea mammals are caught in tbe maximum
solution.
Tbe income impact by the sea mammals landed is at its maximum for a sea mammal
stock of 853 thousand tons, reaching 80 million NOK. This is only about 3% of the
maximum income impact of all species. Again, the impact on the North Norwegian
economy is low for the harvesting sea mammals.
It is important to point out that the stability conditions of the sustainable yield
combinations can be tested by use of tbe bioeconomic model. It is not a priori given tbat
all combinations of catches along the MSF fulfill tbe stable equilibrium conditions.
The empirical data from the three species bioeconomic model show that for a given
sea mammal population, tbe combination of capelin and cod catches approximately do
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(260 + 760 + 40)
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not influence the catch of sea mammals. In the remainder of this article, it is assumed
that the sea mammal catch is constant for a given sea mammal population. The catch of
sea mammals will therefore not affect the solution of the economic maximizing prohlem.
The solution can therefore be illustrated in a two-dimensional diagram. In Figure 4, a
curve is drawn through the points on the MSF maximizing the employment and income
impacts. These curves are called expansion paths, illustrating the combination of capelin
and cod catches that maximizes the employment and income impact for decreasing sea
mammal stocks.
The impact of the open access (OA) and optimal management (OM) solution of
Flaaten's bioeconomic model are also illustrated in Figure 4. The annual catches for the
open access solution are 2826 thousand tons of capelin, 857 thousand tons of cod, and 18
thousand tons of sea mammals. The total employment impact of these cod, capelin, and
sea mammal catches are 20,800 persons, and the income impact is 680 million NOK.
The impact of the open access fisheries is 68% and 63% lower than MEI and Mil,
respectively. The optimal management solution produces a comer solution where no
capelin is harvested. Some 3,186 thousand tons of cod and only 3000 tons of sea mam-
mals are caught. The employment impact of the cod landed is 56,700 persons, and the
income impact is 2200 million NOK. The optimal management solution yields an impact
that is 13% and 14% lower than the MEI and Mil solutions. The reason for this differ-
ence rests mainly on the following conditions:
(1) The optimal management solution is computed on the basis of a dynamic model.
The harvesting pattern is found by maximizing the net present value of the
future net receipts from Che stocks. In such an analysis the discount rate is
included to evaluate the yield of the best alternative use of the resources.
(2) The production function used for all species is based on a pure cod fishing
technology assuming that the catch is a function of effort and stock size. The I-
O model is based on a linearly homogeneous production function in which the
catch is a linear function of the fishing effort.
The difference in the type of production function is the reason why the sea mammals
are not extinct at the optimal solution in Flaaten's model. The cost of catching the last
sea mammal becomes too high. However, the difference in the impacts between the
optimal management solution and the MEI and Mil is quite small (13% and 14%)
relative to the difference from the open access fisheries impacts. The difference between
the latter and the MEI and Mil is more than 60%.
The impact study in this article is a comparative-static analysis. Therefore, we must
study the comparative-static aspects of the model. Changes in the sea mammal popula-
tion shift the MSF curve. Each shift in the MSF curve results in a new point of tangency.
The locus of these points of tangency is what we called the expansion path. The expan-
sion paths illustrate the combination of capelin/cod catches that maximizes the employ-
ment and income impact in the North Norwegian economy for decreasing stocks of sea
mammals.
Recall Eqs. (15) and (16). Comparing the left side of these equations, it is seen that
the only difference is the relative multipliers. Therefore, the discrepancy between the
expansion paths illustrated in Figure 4 is due to differences in the relative multiplier
values.
As Cj, Pj, EJ, and Ij are constants, the MBTR along the expansion path can therefore
be calculated.
The maximum employment impact takes place where:"344 K. Heen
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Figure 4. Expansion paths for capelin/cod catches for da;reasing stocks of sea mammals.
MBTR =11.4




This means that the MBTR along the expansion path remains constant at a capelin :
cod ratio of 11.4 for the maximum employment impact and 7.3 for the maximum income
impact.
The exception to this is where the expansion paths coincide with the Y-axis. The
MBTR of 11.4 and 7.3 is in this case found in quadrant 2. where the capelin catches are
negative. Obviously, this is not a possible solution, and the expansion path, therefore,
moves along the Y-axis.
To understand why the expansion path moves toward the Y-axis, we consider a
hypothetical move in two steps along the expansion path; for example, a move from A to
C. A represents the combination of capelin and cod catches maximizing the income
impact with a sea mammal stock of 1500 thousand tons. C is the corresponding point
with a sea mammal stock of 853 thousand tons. An initial move is made along the ray
00" from /I to fi. A second move is then made along the MSF from B to C.
The transformation ratio of capelin : cod decreases along the ray 00' from the origin
to the northeast. The transformation ratio, however, increases along the MSF curve from
east to north. The lowest ratio is found at the intersection point with the X-axis, and the
highest, at the intersection point on the Y-axis. For a sea mammal population of 1500
thousand tons, the transformation ratio of capelin : cod is 18 where the MSF curve
intersects the Y-axis (implying only cod is harvested). The transformation ratio is only
2.3 where the MSF curve intersects the X-axis (implying only capclin is harvested). For
an extinct sea mammal population, the transformation ratios along the MSF vary from 5
to 1.6.
The move from A io B leads to a reduction in the marginal transformation ratio ofImpact of Multispecies Management 345
capelin : cod. But the move from 5 to C leads to an increase in the transformation ratio.
As the MBTR is constant along the expansion path, the reduction in the MBTR from A
to B has to be counteracted by the move from B to C. Two opposite effects are, there-
fore, working on the transformation ratio of capelin : cod when moving from A to C,
and the net effect on the transformation ratio of capelin : cod is 0.
The stability of the expansion paths are dependent on the parameters Cj, pj, Ej, and
Ij. The stability in the relative conversion factors and relative prices of fresh cod and
capelin can be tested empirically in the period 1975-1985. In this 10-year period the
institutional factors have changed c hy introduction of the Law of the Sea in 1977.
However, there is no reason to believe that any significant changes will take place in the
period of time under consideration.
The biological factors have led to minor changes in c from year to year, but the
overall trend is that the economic solution in the period 1975-1985 has not been dis-
turbed by changes in the biological factors. In the future, however, the relatively greater
herring catches might affect the relative conversion factor.
In the 10-year period, there have been substantial price increases for both codfish
and capelin, but the relative prices have remained surprisingly stable. The relatively
greater importance of herring in the future might change the relative prices. As herring
is a more valuable fish than capelin, substantial catches of herring would shift the
expansion path to the east in Figure 4.
This article has demonstrated that large gains in employment and income are made
by changing the harvesting pattern in the Barents Sea. The assumption of nonutilized
resources in the economy must therefore be examined. North Norway has the highest
unemployment rates in Norway and a high net emigration. The assumption of potential
production capacity is probably a realistic one.
Summary and Conclusion
The aim of this article is to demonstrate an approach of linking a multispecies harvesting
model to an 1-0 model. That enables us to compute and analyze the impact of different
harvesting patterns and harvesting regimes on the economy. If the policy objectives are
to maximize income and/or employment in the economy, it is necessary to find the
implication for these objectives that would result under different harvesting schemes. It
is of particular interest to clarify how sensitive income and employment are to changes
in the biological parameters. Such knowledge should serve to indicate certain important
areas of future multispecies research effort.
The implications of the Barents Sea study are that
(1) The employment and income impacts in the North Norwegian economy are very
sensitive to changes in the size of the sea mammal stock.
(2) The harvesting pattern of the optimal management solution produces an impact
in the economy that is about 14% lower than the maximum employment impact
and maximum income impact.
(3) The harvesting pattern of the open-access fisheries produces an impact in the
economy that is more than 60% lower than the maximum employment impact
and maximum Income impact.
In spite of the approaches to computing the maximum employment impact and
maximum income impact on the one hand, and the optimal management on the other, the346 K. Heen
harvesting pattern and impact in the North Norwegian economy produce relatively small
differences, whereas the open access solution produces great differences. This demon-
strates that the primary policy objective should be to manage the resources in the sea.
Whether the management is based on a comparative static or dynamic model seems to be
of minor importance for the Barents Sea management. Of particular importance today is
to increase the amount of biological research on sea mammals. If the aim is to increase
the employment and income impact on the North Norwegian economy, the crucial issue
is to clarify how much the sea mammal population can be reduced without endangering
the stock to the point of extinction.
The approach demonstrated in this article of linking input-output analysis and
multispecies harvesting should be of interest for analysis in other resource-oriented
areas. Constructing 1-0 tables and computing the impact of given changes in final de-
mand might be of interest for certain planning purposes. However, the model presented
in this article goes one step farther by including explicitly the production potential of
nature into the modeling framework. For communities depending on harvesting and
processing of natural resources, planning models excluding biological relationships will
obviously lack a crucial part.
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Notes
1. The 1-0 model is a demand-driven model. To be able to use an I-O model for computing
the income and employment impact on an economy, it is necessary to find a relationship between
catches and fmal demand. It is assumed in this article that the prices for fish products arc given in
the world market. It is therefore possible to export at given prices all the final fish products that
the possible increased catches allow. By using the transformation factor of total sales/input of
fresh fish for the fish processing industries from the I-O table, the changes in fina! demand as a
result of changes in landed fish can be computed.
2. The MSF estimated by Flaaten (1988) are concave to the origin, and the conditions found
In Eqs. (16) and (17) are, therefore, a maximum point.
3. To reduce the number of decimals, the employment multiplier is given for a change in final
demand of one million NOK.
4. Capelin is the input of fresh fish in the fish oil/meal industry, whereas cod is the input in
the fish processing industry. In our I-O table based on the four-digil industry classification, there
are no industries for the processing of sea mammals. These industries are, in fact, subdivisions of
the fish processing industry. In our impact calculations, the multiplier for the fish processing
industry is used for computing the impact of sea mammal catches. This is probably a realistic way
to treat the sea mammals. According to information collected for the processing industry, whale
processing is more labor-intensive than the processing of cod, whereas the processing of seals is
less labor-intensive.
5. The sea mammal, being on the top of the biological hierarchy, has the typical bell-formed
shape. The biological data are given in discrete intervals, and the maximum employment impact
will therefore be somewhere between 853 thousand tons and 1200 thousand tons.Impact of Multi.^pecies Management 347
6. This figure is estimated by Flaaten (1988).
7. The I-O table is based on 1975 data. The employment coefficients in this article give the
ratio of employment to total sales in 1975 NOK. and the change in final demand must, therefore,
be given in 1975 NOK. As the employment coefficients are given in 1975 prices, the income
impact is. for the sake of simplicity, reported in 1975 NOK. The aim of this article is to analyze
this impact of different harvest patterns in the Barents Sea. and the base year of priees does not
influence the results of the analysis.
8. The products of Cj • pj • Ej and c, • Pj • Ij were calculated in an earlier version of this
article.
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